For all samples, ChIP-seq was performed from C. albicans wild-type (WT) cells 1 7 3 grown in standard laboratory growth conditions (YPAD 30 °C) using antibodies 1 7 4 specific for modified or unmodified histones. Input (I) and Immunoprecipitated 1 7 5 samples (Ip) were sequenced using the Illumina HiSeq2000 platform (single-end 50 1 7 6 bp reads; average coverage: 28x; Table S2 , Dataset S1) and aligned to a custom where the histone H3 variant Cse4 CENP-A replaces histone H3 ( Fig 1A, 1C and S2). Furthermore, RNAPII occupancy showed a positive correlation with gene expression 1 8 2 levels (Pearson correlation coefficient r = 0.72) ( Fig 1B) . To delineate the chromatin signature of protein-coding C. albicans genes, 1 8 5 enrichment profiles for each histone modification were compared to histone H4. with statistically significant enrichment or depletion for particular histone marks 1 8 8 compared to histone H4. We annotated these loci by proximity to annotated protein-1 8 9 r = 0.461 and 0.276, respectively). We also detect a weak negative correlation 2 2 7 between γH2A occupancy and H3K4me 3 ( Fig 3C) . Having determined the chromatin marks associated with C. albicans coding genes, 2 3 0 we analysed the chromatin state of the C. albicans repetitive genome focusing on 2 3 1 the major classes of DNA repeats: subtelomeric regions, the rDNA locus, MRS 2 3 2 repeats and transposable elements (LTR and non-LTR retrotransposons). Sequence and their repetitive nature [25, 29] . To estimate the chromatin modification state of 2 3 5 these loci, we adopted a method previously applied to S. cerevisiae repeats and 2 3 6 assumed that each repeat contributes equally to read-depth [45] . Consequently, 2 3 7 reads that could not be uniquely mapped to one location were randomly assigned to 2 3 8 copies of that repeat. To investigate the chromatin state associated with the 16 subtelomeric regions in C. and S5). We detected statistically significant γH2A enrichment at 13/16 subtelomeres 2 4 8 (Fig 4A, S4 and S5) . We suspect that absence of γ-sites at ChrRR, Chr1R and Chr7L 2 4 9 subtelomeric regions is due to incomplete genome assembly [25, 29] . Subtelomeric 2 5 0 γH2A enrichment is not uniform but present at distinct peaks within each 2 5 1 subtelomere, which largely associate with hypoacetylated and hypomethylated Analysis of chromatin modifications associated with the rDNA locus demonstrate that 2 5 4 the NTS1 and NTS2 regions are assembled into a chromatin structure resembling 2 5 5 heterochromatin where nucleosomes are hypomethylated on H3K4 and 2 5 6 hypoacetylated on H3K9 and H4K16 ( Fig 4B) . These findings are consistent with our 2 5 7 published results demonstrating that these regions are assembled into 2 5 8 transcriptionally silent heterochromatin [46] . Intriguingly, we detected two γ-sites at 2 5 9 convergently transcribed genes surrounding the rDNA locus ( Fig 4B) . This analysis also reveals that MRS repeats and retrotransposons (LTR and non- 4D). In contrast, H3K9Ac and H4K16Ac are similar to histone H4 levels ( Fig 4C, 4D ). 
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We did not detect any statistically significant enrichment of γ-H2A at either MRSs or 2 6 4 retrotransposons.
6 5
Therefore, different C. albicans repetitive elements are associated with distinct 2 6 6 chromatin states. Repetitive regions are more likely to be hypomethylated on H3K4, 2 6 7 but are neither hypoacetylated on H3K9 and H4K16 nor enriched for γ-H2A. We have previously shown that, in C. albicans, the histone deacetylase Sir2 analyses in WT and sir2Δ/Δ strains. this issue, we adapted C. albicans to a quantitative ChIP-seq (q-ChIP-seq) 2 7 9 methodology [47] [48] [49] . To this end, WT and sir2Δ/Δ were spiked-in, at the time of 2 8 0 fixation, with a single calibration sample from S. cerevisiae ( Fig 5A) . S. cerevisiae 2 8 1 genome is a desirable exogenous reference for C. albicans cells because its 2 8 2 genome is well studied and has a high-quality sequence assembly [50] . Moreover, 2 8 3 reads originating from C. albicans or S. cerevisiae can be easily separated at the 2 8 4 analysis level and our experiments reveal less than 2% of the total number of reads 2 8 5 cannot be uniquely mapped (Table S2 ). Finally, histone proteins are well conserved 2 8 6 between C. albicans and S. cerevisiae ( Fig S1) and therefore the same histone 2 8 7 13 antibody is likely to immunoprecipitate C. albicans and S. cerevisiae chromatin with 2 8 8 the same efficiency. The q-ChIP-seq analyses identify only two regions of the C. albicans genome with 2 9 0 increased H3K9Ac and H4K16Ac levels: subtelomeric regions and the NTS region of 2 9 1 the rDNA locus ( Fig 5B, 5C , S6, S7 and Dataset S1). Deletion of SIR2 does not lead 2 9 2 to increased histone acetylation levels at euchromatic regions or at other repetitive 2 9 3 elements such as MRS and retrotransposons (Dataset S1). In agreement with these 2 9 4 findings, the majority (83%) of gene expression changes observed in sir2Δ/Δ cells 2 9 5 occur at the rDNA locus and subtelomeric regions ( Fig 5B, 5C , Dataset S1 and [46]) 2 9 6
We conclude that the C. albicans HDAC Sir2 acts exclusively at two genomic 2 9 7 regions: the rDNA locus and subtelomeric regions. Our findings are consistent with 2 9 8 the hypothesis that Sir2-mediated histone deacetylation represses gene expression 2 9 9 at these locations. Our data demonstrates that C. albicans repetitive elements are associated with 3 0 3 chromatin that is hypomethylated on H3K4. However, at these regions, H3K4 3 0 4 methylation is not completely ablated as pockets of H3K4me 3 are detected (Fig 4) . In To gain insights into the role of C. albicans Set1, we performed H3K4me 3 q-ChIP-3 1 2 seq and RNA-seq analyses of WT and set1Δ/Δ strains. C. albicans Set1 clearly plays 3 1 3 a major role in maintaining chromatin structure as 6846 loci, scattered throughout the 3 1 4 genome, have a statistically significant reduction of H3K4me 3 in set1Δ/Δ compared 3 1 5
Set1-dependent methylation of H3K4 impacts gene expression differentially at
to WT strain ( Fig 6A and Dataset S1). RNA-seq analysis reveals that Set1 regulates 3 1 6 gene expression both positively and negatively, as genes with a reduced H3K4me 3 3 1 7 pattern can be either upregulated (2320 genes/ ncRNAs) or downregulated (3184 3 1 8 genes/ ncRNAs) in set1Δ/Δ compared to WT ( Fig 6A and Dataset S1). Analyses of RNAs originating from MRS repeats ( Fig 6D) . Finally, deletion of SET1 leads to 3 2 6 decreased H3K4me 3 at retrotransposons without a significant impact on expression 3 2 7 of retrotransposon-associated coding and non-coding RNAs.
2 8
We conclude that Set1 is the major H3K4-methyltransferase in C. albicans playing a 3 2 9 key role in controlling chromatin structure and gene expression. Importantly, our 3 3 0 analysis reveals that although deletion of SET1 results in decreased H3K4 Here, we present the first comprehensive chromatin profiling of histone modifications 3 3 5 associated with the C. albicans genome. Furthermore, we present the first C. and Set1 in C. albicans.
The chromatin state of the C. albicans repetitive and non-repetitive genome 3 3 9 In all organisms, gene-rich genomic regions are associated with a histone analyses was also performed using antibodies recognising unmodified histone H3 3 5 1 and H4. This is an important control that should be included in all studies aimed to 3 5 2 analyse chromatin modification genome wide. Our results confirm the validity of our experimental approach and conform to the where H3K4me 3 and H3K9Ac are associated with promoters and H4K16Ac is 3 5 7 enriched at gene bodies. We conclude that in C. albicans, as in other organisms, a 3 5 8 specific histone modification pattern is predictive of active transcription. Analyses of the chromatin profiling of repetitive elements demonstrate that repetitive [45]. These findings are in agreement with our previous study demonstrating that the 3 6 4 rDNA locus and subtelomeric regions are able to silence embedded marker genes, which is a hallmark of heterochromatic regions [46] . In contrast, we find that C. have demonstrated that, in the host, MRSs and transposons are recombination 3 7 0 hotspots as they are known sites of translocations [32, 38, 59] . Given the key roles of 3 7 1 chromatin in regulating genome stability, it will be important to investigate whether 3 7 2 the chromatin packaging of MRS and transposons regulates genome stability. The genome-wide γ-H2A profiling performed in this study reveals that this histone assembled into hypoacetylated chromatin that is also hypomethylated on H3K4. This heterochromatic regions [14] [15] [16] [17] . In contrast, we did not detect any significant relevant stresses [60, 61] and therefore we propose that the recombination potential 3 8 5 of MRSs is unlocked following exposure the specific host niche stresses. Finally, we detected 168 additional γ-sites located in proximity of origins of replication 3 8 7 or convergent genes that are often long. DNA replication origins are known 3 8 8 replication fork barriers in many organisms and read-through transcription of 3 8 9 convergent genes can also cause genome instability by, for example, R-loop 3 9 0 formation [62]. Therefore, we propose that the γ-sites identified in this study 3 9 1 represent novel recombination-prone unstable sites of the C. albicans genome. The role of the histone deacetylase Sir2 and the histone methyltransferase We present the first quantitative ChIP-seq in C. albicans that has allowed us to 3 9 5 delineate the roles of the histone modifying enzymes Sir2 and Set1. We demonstrate 3 9 6 that Sir2 maintains the hypoacetylated state of heterochromatic regions associated 3 9 7 with the rDNA locus and subtelomeric regions. Sir2 deacetylation at these loci is 3 9 8 linked to gene repression as shown by RNA-seq analysis. In contrast, we find that We present evidence demonstrating that the HMT Set1 is a major contributor to changes. This demonstrates that C. albicans Set1 is the major H3K4 repeats. Further studies will untangle the role of Set1 at different genomic regions. In this study we present the first epigenomic map of histone modifications associated Strains used in this study are listed in the Table S1 . Yeast cells were cultured in 4 2 1 YPAD broth containing 1% yeast extract, 2% peptone, 2% dextrose, 0.1 mg/ml 4 2 2 adenine and 0.08 mg/ml uridine at 30 o C. The following antibodies were used in this study: anti-H2AS129p (Millipore; Cat No: Industries) for four cycles of 30 minutes at 4 o C with 5 minutes on ice between cycles.
3 7
Chromatin was sheared to 200-500 bp using a BioRuptor sonicator (Diagenode) for performed similarly to the ChIP-seq method, except: 5 ml of an overnight culture of 4 5 0 the S. cerevisiae reference strain BY4741 was grown alongside C. albicans in YPAD.
5 1
These cultures were then diluted into fresh YPAD and grown until the exponential Strand-specific cDNA Illumina barcoded libraries were generated from 1 µg of total 4 6 5
RNA and sequenced as 50bp single end reads using an Illumina Hi seq2000 seq experiments were carried out in biological duplicates. All datasets generated and analysed during the current study are available in the Illumina reads were mapped using Bowtie2 [63] to a custom haploid version of 4 7 4 assembly 22 of the C. albicans genome (Table S2 ). Reads that mapped to repeated 4 7 5 sequences were randomly assigned to copies of that repeat, allowing for an between them using the multiBamSummary and plotCorrelation tools as part of the 4 8 8 deepTools2 package ( Fig S9) [66]. Genome coverage tracks were made using the after the replicates were deemed to be sufficiently correlative (r > 0.9). For each 4 9 1 coverage track, reads per million (RPM) were calculated. The histone modification 4 9 2 coverage tracks were normalised to unmodified histone H4, and the RNAPII track To isolate the reads that uniquely aligned to the C. albicans genome, the full datasets 4 9 8
were first aligned to the S. cerevisiae genome (sacCer3). The unaligned reads were 4 9 9 output as separate fastq files, and then these reads were aligned to a custom 5 0 0 haploid version of assembly 22 of the C. albicans genome (Table S2 ). The same 5 0 1 strategy was used to isolate reads that uniquely aligned to S. cerevisiae (Table S2) . were then used to calculate the normalisation factor (normalisation factor = 1 / 5 0 4
[unique reference reads/1,000,000]), according to Orlando et al. [48] . Reads that 5 0 5 mapped to repeated sequences in the C. albicans genome were randomly assigned 5 0 6
to copies of that repeat. Peak calling was performed using MACS2 [64] on the 5 0 7 default settings, except that no model was used with all reads extended to 250bp. For each sample analysed with MACS2, the IP sample was the "treatment," and the 5 1 0 input sample was the "control." Peaks called in both replicate datasets for mutant 5 1 1 and WT samples were combined into one peak set for each histone modification.
1 2
Read counts within these peak intervals were generated using featureCounts (Liao between the mutant and WT samples using a two-sample t-test, with a p-value 5 1 6 threshold of <0.05 being used to identify significant differences. Replicates were correlation between them using the multiBamSummary and plotCorrelation tools as 5 1 9 part of the deepTools2 package ( Fig S9) [66]. Genome coverage tracks were made were averaged after the replicates were deemed to be sufficiently correlative (r > 5 2 3 0.9), and the mutant strain coverage tracks were normalised to the WT coverage. All Reads were aligned to a custom haploid version of assembly 22 of the C. albicans 5 2 9 genome using HISAT2 (Table SX) [68], and per-gene transcript quantification was 5 3 0 performed using featureCounts, which discards multi-mapped read fragments; 5 3 1 therefore, only uniquely mapped reads were included for the expression analysis 5 3 2
[65]. Differential expression testing was performed using DESeq2, with an adjusted 5 3 3 23 p-value threshold of <0.05 being used to determine statistical significance.
3 4
Replicates were compared by generating a raw alignment coverage track and 5 3 5 performing a Pearson correlation between them using the multiBamSummary and 5 3 6 plotCorrelation tools as part of the deepTools2 package ( Fig S10) [66]. Scatterplots 5 3 7 and correlation analyses were performed in R using Pearson correlation. 
